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Abstract 

Exploitation of the Earth’s physical and biological resources has always 
been a feature of human activities and the pace and extent of this 
exploitation have increased significantly in the last two centuries, both 
driven by feeding technology advances, economic growth and population 
increase. The intensification of agriculture with the use of synthetic 
pesticides and fertilizers to enhance food security has adverse effects on the 
abiotic and biotic components of the environment. This paper discussed 
green chemistry applications and agricultural sustainability as the 
scientific/technological alternatives towards food security in Nigeria. The 
application of green chemistry principles which reduces or eliminates the 
use or the generation of hazardous substances in the practice of sustainable 
agriculture and the need for collaboration among Chemists and 
agriculturalists towards achieving food security were recommended 
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 The world faces a food crisis relating to the sustainability of global food supply and its 
security. The strain on food supply comes primarily from population growth and rising prosperity, 
which also bring competing land and energy demands. By 2030, the World’s population will have 
increased to over 8 billion (UN, 2004), climate volatility and declining availability of water for 
agriculture will greatly increase the challenges facing farmers. 
 Agriculture is one of humankind’s most basic activities because individuals need to nourish 
themselves daily. The agricultural principles in a broad sense include the way people tend soils, water, 
plants and animals in order to produce, prepare and distribute food and other goods. Human activities 
such as the clearing of land for agriculture, diversion of water courses and extractions of water from 
underground water tables;extraction and transformation of raw materials to provide physical products 
and energy for power appliances; and the creation of domestic and industrial waste materials all 
contribute to changes in the natural environment. 
 Agriculture is one of the oldest and global sources of human livelihood. It has matured from 
simple cultivation to sophisticated practices and it is the second largest industrial contributor to global 
greenhouse gases. It is ahead of the entire transportation sector and behind only electrical and heat 
generation. During the last half-century, the use of chemical pesticides and fertilizers dominated 
agricultural practice and manufacturing industries rapidly expanded their use of synthetic chemicals in 
the production of consumer and industrial goods (Gabriel, Akinrotimi and Ariwei Okuma, 2012). 
Agriculture releases to the atmosphere significant amount of CO2, CH4 and N2O(Galloway, Townsend 
Eriksman, Bekunda, Caifrency Martinelli, Seitzinger and Sutton, 2008). According to (George, 2011) 
the earth is only capable of absorbing 5 billion of CO2 equivalents per year out of 5.6 billion of CO2 
that is produced annually. According to (Ghimire, 2001), the scientific estimates of these gases 
indicate a rise in the global mean temperature. The increase in concentration of these gases could have 
far reaching consequences. Health effects from chemical emissions can be direct (occurring as an 
immediate effect of the emission) or indirect. Indirect health effects are caused by the emissions’ 
effect on water, air and food quality as well as the alterations in regional and global systems such as 
red tide in many oceans and the ozone layer and the climate to which emission may contribute 
(Healthtrick, 2013). Agricultural sustainability and innovative green practices are essential to address 
environmental problems in a world that must soon support and feed more than seven billion people. 
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Despite the progress achieved in the last decades, there are more than two billion malnourished poor 
people in the third world countries who need short term food security and live in areas with problems 
of soil erosion, lack of water resources and agricultural land scarcity because of intensification (Sayer 
& Cassman, 2013, Lambin & Meyfroidt, 2011). The initial green revolution in developing countries 
in the 1960s and 1970s (India, Pakistan, Phillipines, Brazil, Mexico e.t.c) was credited with saving 
over a billion people from starvation. The green revolution produced an intensification of agriculture 
with the development of high-yielding varieties of cereal and rice grains, expansion of irrigation 
infrastructure, modernization of management techniques, distribution of hybridized seeds, synthetic 
fertilizers and pesticides to farmers. The spread of green revolution in agriculture affected both 
agricultural and wild life bio diversity, increased environmental pollution, caused water management 
problems and other negative effects, i.e agricultural soil scarcity (Stevenson, Villoria, Byerlee, Kelley 
and Maredia, 2013 and Perfecto & Vandermeer, 2010). 
 Over the past few years, the chemistry community has been mobilized to develop new 
chemistries that are less hazardous to human health and the environment. This new approach has 
received extensive attention and goes by many names including Green Chemistry, environmentally 
benign Chemistry, Clean Chemistry, Atom economy and benign by design chemistry. Under all these 
different designations, there is a movement towards pursuing chemistry with the knowledge that the 
consequences of chemistry do not stop with the properties of the target molecule or the efficacy of a 
particular reagent. 
 Green chemistry then can be defined as design of chemicals, processes and reactions to 
reduce environmental and health hazards at a source and to enhance sustainability particularly through 
the molecular design of chemicals (Ezeminye & Ogbomida 2010 & FAO 2012). Green chemistry 
encompasses a range of scientific and technical developments aimed at ameliorating the chemical 
industry’s environmental and health impacts. The U.S Environmental Protection Agency (2008) 
defined Green Chemistry as an effort to promote innovative chemical technologies that reduce or 
eliminate the use of generation of hazardous substances in the design, manufacture and use of 
chemical products. Many proponents have focused on toxicity reduction, namely making molecule 
less poisonous and using less toxic chemicals in manufacturing process. The beginning of green 
chemistry is frequently considered as a response to the need to reduce the damage of the environment 
by man-made materials and the processes used to produce them. The definition of green chemistry 
and its principles illustrates another important point about the use of the term “hazard”. This term is 
not restricted to physical hazards such as explosiveness, flammability and corrosibility but include 
acute and chronic toxicity, carcinogenicity, environmental pollution to water, air, soil (aquatic 
organisms, mammals e.t.c) and ecological toxicity (Gabriel, Akinrotimi & Ariwerio Kurma, 2012). 
 
Principles of Green Chemistry 
 In 1998, Paul Anastas and John Warner developed the new principles of Green Chemistry 
which help to explain what the definition means in practice. The following list of 12 principles outline 
an early conception of what would be a greener chemical process or product. 
1. Prevention: It is better to prevent waste than to treat or clean up waste after it is formed 
2. Atom Economy: Synthetic methods should be designed to maximize the incorporation of all 
materials used in the process into the final product 
3. Less-Hazardous Chemical Synthesis: Whenever practicable, synthetic methodologies should 
be designed to use and generate substance that possess little or no toxicity to human health and the 
environment. 
4. Designing safe Chemicals: chemical products should be designed to preserve efficacy of the 
function while reducing toxicity. 
5. Safer solvents and auxiliaries: The use of auxiliary substances (solvents, separation agents 
e.t.c) should be made unnecessary whenever possible and when used, innocuous. 
6. Design for Energy Efficiency: Energy requirements should be recognized for their 
environmental and economic impacts and should be minimized. Synthetic methods should be 
conducted at ambient temperature and pressure. 
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7. Use of Renewable Feedstocks: A raw material or feedstock should be renewable rather than 
depleting whenever technically and economically practicable. 
8. Reduced Derivation: Unnecessary derivatization (blocking group protection/deprotection, 
temporary modification of physical/chemical processes) should be avoided whenever possible. 
9. Catalysis: Catalytic reagents (as selective as possible) are superior to stoichiometric reagents. 
10. Design for Degradation: Chemical products should be designed so that at the end of their 
function they do not persist in the environment and instead break down into innocuous degradation 
products. 
11. Real-time Analysis for Pollution Prevention: Analytical methodologies need to be further 
developed to allow for real-time in-process monitoring and control prior to the formation of hazardous 
substances. 
12. Inherently safer Chemistry for Accident Prevention: Substances and the form of a substance 
used in a chemical process should be chosen so as to minimize the potential for chemical accidents, 
including releases, explosion and fires 
 According to EPA (2009), a pesticide is any substance or mixture of substances intended for 
preventing, destroying or controlling any pest including vectors of human or animal diseases, 
unwanted species of plants or animals causing harm during or otherwise interfering with the 
production, processing, storage or marketing of food, agricultural commodities, wood or wood 
products, or animal feed stuffs or which may be administered to animals for the control of insects, 
arachnids or other pests in or on their bodies. The term includes chemicals used as growth regulators, 
defoliants, desiccants, fruit thinning agents for preventing the premature fall of fruits and substances 
applied to crops either before or after harvest to prevent deterioration during storage or transport. The 
term pesticide is also defined by FAO in collaboration with UNEP (1990) as chemicals designed to 
combat the attacks of various pests and vectors on agricultural crops, domestic animals and human 
beings. These definitions above imply that pesticides are toxic chemical agents (mainly organic 
compounds) that are deliberately released into the environment to combat crop pest and disease 
vectors. 
 
Environmental Impact of Pesticides used in Agriculture 
 The term “pesticides” is a composite term that includes all chemicals that are used to kill or 
control pest. In agriculture, this includes herbicides (weeds), insecticides (insects) fungicides (fungi), 
nematocides (nematodes) and rodenticides (vertebrate poisons) (Ghimire, 2001). Pesticides are 
recognized worldwide as a veritable means of controlling pests, at the same time such chemicals are 
highly toxic to other species in the environment. (Healthtrick, 2013, Hjevesen & Gonzales, 2002), ISR 
(2010). Over 98% sprayed insecticides and 95% herbicides reach a destinations other than their target 
species because they are sprayed or spread across entire agriculture field (IPCC 2001, & George, 
2004). The pollution caused by heavy metals such as lead and mercury or chlorinated organic 
compounds (pesticides) can have severe health consequences. Both groups are associated with various 
cancers especially those of the reproductive system, immune system, depression, birth defects, 
sterility and neurobehavioural problems. 
 The need to produce a greater quantity and quality of food by pest control resulted in 
intensive use of pesticides over the last 50 years (Chaverri. F, Solv. L, Ramirez. F, Bravo. V(2000). 
Pesticides are chemicals used by man to control agricultural pests and their correct application is the 
most accepted and effective for maximum production and quality of crops (Ferrer & Cabral, 1993, 
Bolognesi 2003, Mansoar, 2004, Martinex and Gomez 2007). The increasing use and improper 
handling of these substances have raised concerns about the risks and damages that could result in the 
economy, the environment and public health. 
 Globally, 4.6 million tons of chemical pesticides are annually sprayed into the environment. 
There are currently about 500 pesticides with mass application of which organochlorined pesticides, 
some herbicides and the pesticides containing mercury, arsenic and lead are highly poisonous to the 
environment. Only 1% of the sprayed pesticides are effective, 99% of pesticides applied are released 
to non-target soil, water bodies and atmosphere and finally absorbed by almost every organism. 

Green Chemistry for Sustainable Agriculture: A Panacea for Food Security in Nigeria 
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According to a report by WHO and UNEP, worldwide there are more than 26 million human pesticide 
poisonings with about 220, 000 death per year (Richter, 2002). In the United States, there are 67 
thousands human pesticide poisoning per year. In china, there are 0.5 million human pesticide 
poisoning with 0.1 million death per year. Pesticides cannot only cause death but also induce various 
diseases. It is estimated that cancer patients resulted from pesticides poisoning account for nearly 10% 
of the total cancer patients (Gu & Tian, 2005). Chen (2004) found that the incidence of breast cancer 
was linearly correlated with the frequency of pesticides uses, and organochlorined pesticide, DDT and 
its derivatives, DDE is likely responsible for breast cancer. 
 Human pesticides poisoning and illness are clearly the highest price paid for all pesticide use. 
The total number of pesticide poisoning in the United States is estimated to be 300,000 per year (EPA 
1992). Ample evidence exists concerning the carcinogenic threat related to the use of pesticides. 
These major types of chronic health effects of pesticides include neurological effects, respiratory and 
reproductive effects and cancer. There are some evidence that pesticides can cause sensory 
disturbances as well as cognitive effects such as memory loss, language problems and learning 
impairment (Hart & Pimentel, 2002). 
 Adverse effects of chemical pesticides have been reported on both the abiotic and biotic 
components of the environment (IFOAM, 2013). The former are exemplified by residues in soil, air, 
water, food e.t.c and the latter by phytotoxicity residues, vegetation changes e.t.c in plants and 
physiological deformities, diseases, mortality, population changes, genetic disorders e.t.c in mammals, 
avian, insect and other organisms. Entry of pesticides into the food chain coupled with their 
bioaccumulation and biomagnifications trigger effects of unforeseen consequences. Chemicals like 
methyl bromide, chlorofluorocarbons e.t.c are established culprits for depletion of the ozone layer. To 
escape from these harmful effects, the concept of organic farming has emerged from the conference of 
Atlanta in 1981. Human health effects are caused by: skin contacts through handling, inhalation 
through breathing and ingestion through eating contaminated food or drinking contaminated water by 
farm workers during farming activities (Seitzinger & Sutton, 2008). The short term (or acute) effects 
vary depending on the chemical, the dose received and the susceptibility of the individual exposed. 
These include burning, stinging or itching of eyes, nose, throat and skin. Other acute symptoms may 
include nausea, vomiting, diarrhea, wheezing, coughing and headache (Jitendra, 2009). Although not 
all studies are consistent, several studies of women who work with pesticides suggest that some 
pesticides are associated with fertility problems and increased risks of spontaneous abortion and 
miscarriage (Lapkin & Constable, 2008). 
 
Ecological Effects of Pesticides used in Agriculture 
 The principal pathway that causes ecological impacts is that of water contaminated by 
pesticides run off. The two principal mechanism are bioconcentration or bioaccumulation. This is the 
movement of a chemical from the surrounding medium into an organism. The primary “sink” for 
some pesticides is fatty tissue (lipids). Some pesticides such as DDT are “lipophilic” meaning that 
they are soluble in and accumulate in fatty tissue such as edible fish tissue and human fatty tissue. 
Biomagnifications:This term describes the increasing concentration of a chemical as food energy is 
transformed within the food chain. As smaller organisms are eaten by larger organisms, the 
concentration of pesticides and other chemicals are increasingly magnified in tissues and other organs. 
Very high concentrations can be observed in top predators including man (NASPIN 2006). Within the 
last two decades, there has been increasing awareness and concern among environmentalists regarding 
the effect of agrochemicals (Grammaline 20) on the status of aquatic health particularly living sources 
like fish. The public health implication of eating fish contaminated with poisonous chemicals and 
heavy metals is worrisome especially after the well known minamata Bay Mercury pollution incident 
(WMA, 2010). 
 
Green Chemistry and Sustainable Agriculture 
 According to (Velisek et al, 2007), sustainable agriculture seeks to achieve three goals: farm 
profitability; community prosperity and environmental stewardship. The latter includes: protecting 
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and improving soil quality, reducing dependence on non-renewable resources such as fuel, synthetic 
fertilizers and pesticides and minimizing adverse impacts on safety, wildlife, water quality and other 
environmental resources (Venkateswara, 2006). The use of toxic chemicals is clearly a destructive and 
dead end approach to farming. Fortunately, there are many alternatives to chemical farming. They are 
called bio-dynamic agriculture, permaculture biological agriculture, organic farming, natural farming, 
indigenous farming systems and ecological agriculture (Velisek et al, 2007). Biopesticides as organic 
factor are employed in agricultural use for the purpose of insect control, disease control, weed control, 
nematode control and plant physiology and productivity. Globally, during the last few decades, 
biopesticides market has grown by nearly 10% per year, from more than $670 million in 2005 to $1 
billion in 2010 (Wikipedia, 2010). Presently, biopesticides represents 2-6% of the approximately $40 
billion global pesticide market. That share is expected to increase significantly through 2020 and 
beyond (George 2011), due to its environmental friendliness in application. According to (Pimentel, 
2005), with an increasing awareness about the harmful effects of synthetic plant protection and 
production of agrochemicals, the demand for technologies and product based on biological processes 
has been increasing steadily worldwide. 
 Green chemistry and sustainable agriculture are both revolutionary fields with significant 
overlap, though the connections are not fully developed or appreciated. Green chemistry is “a set of 
principles that reduces or eliminates the use of generation of hazardous substances in the design, 
manufacture and applications of chemical products”. Green chemistry moves products and processes 
towards an innovative economy based on renewable feed stocks where toxicity is deliberately 
prevented at the molecular level. 
 Both green chemistry and sustainable agriculture envision safe products, healthy people, a 
clean environment, green jobs and most importantly a systematic approach to sustainably producing 
what we need. According to (O’Brien, Franjevic and Jones, 2009), green chemistry and sustainable 
agriculture are inherently intertwined; farmers need green chemists to make safe agricultural chemical 
inputs. Green chemists need farmers practicing sustainable agriculture to provide truly “green” bio-
based raw materials to process into new products. It is a vital circle of creative interdependence. 
According to (O’Brien, Franjevic and Jones, 2009) there are three ways in which green chemistry 
connects with sustainable agriculture, as a consumer of agricultural products, as a source for 
remediation technologies and as a producer of inputs. First, green chemistry is a consumer of 
agricultural inputs, biofeed stocks and biocatalysis are central to green chemistry. In its founding 
principles, green chemistry encourages the use of bio-based materials, specifically chemists need 
renewable feestocks from agriculture to be converted into high value products including novel 
carbohydrates, polysaccharides, enzymes, fuels and chemicals through biocatalyis. Green chemistry’s 
explicit encouragement of the use of bio feedstocks and biocatalysts provide a direct link to 
agriculture. Secondly, green chemistry intersects with agriculture through applications for site 
remediations (O’Brien, Franjevic and Jones 2009). Traditional farming practices leave unwanted 
chemicals in the environment- in the soil, water and air. Green chemists are tackling the challenges of 
removing pollutants and, in the process create more toxic waste. For example, Green chemists from 
Carnegie Mellon University have developed catalyst that can be safely used to remove specific 
chemicals including pesticide residue from water. Thirdly, green chemistry is necessary to generate 
greener inputs (bio pesticides) for agricultural production. Green chemistry alternatives are vital to 
sustainable producing agricultural goods without continued dependence on toxic pesticides and 
chemicals of concern. In this direction, new pesticides are being designed and produced that can be 
more benign and or more targeted. Biopesticides derived from plant or microbial “pesticides” is an 
area in which there is a lot of movement and potential for green chemistry to supplant certain 
chemicals of environmental concern. 
 
Biopesticides 
 In general terms, according to USEPA (2009), biopesticides are pesticides derived from 
natural materials such as animals, plants, bacteria and minerals. Biopesticides possess the following 
advantages: 
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1. Good control effect on the pest, safe to human beings and animals, no pollution and no 
residuals 
2. Strong specificity to target pests, safe to natural enemies and benefit organisms. 
3. Raw materials and active ingredients are natural products which help to ensure sustainable 
development.  
4. They can be modified by means of modern biotechnology and fermentation process to 
improve performance and enhance quality 
5. Pest resistance is difficult to generate (Yang, 2001) 
 Currently, there are more than 100 kinds of biopesticides in the world, of which more than 30 
kinds of biopesticides are commercially manufactured (Xu 2008), Mexico, the United States and 
Canada are the countries mostly using biopesticides in the world. Consumption of biopesticides in 
these countries accounts for 44% of the world, while biopesticides consumptions of Europe, Asia, 
Oceania, Latin America, the Caribbean and Africa accounts for 20%, 13%, 11%, 9% and 3% of the 
world respectively (Qin and Kong, 2006). In China, biopesticides industry has been developing 
rapidly since 1990 with an annual rate of 10% to 20%. In 2006, the total consumption of biopesticides 
in china reached 145000 tons with a sale accounting for 10% pesticides. It is estimated that 
biopesticides will replace more than 20% of chemical pesticides in future. 
 Generally, biopesticides are categorized into three as discussed here: 
(a) Biochemical pesticides consisting of insect pheromones, plant extracts and oils, plant growth 
regulators and insect growth regulators 
(b) Microbial Biopesticides consisting of Bacterial biopesticide, fungal biopesticides, viral 
biopesticides and other microbial biopesticides 
(c)  Biopesticides formulations 
 
(a) Biochemical pesticides 
 Biochemical pesticides are closely related to conventional pesticides, but they are 
distinguished from conventional pesticides by their non-toxic mode of action towards target 
organisms (usually species specific) and their natural occurrence (Steinward, 2008). The active 
ingredient can be a single molecule or a mixture of molecules such as a naturally occurring mixture 
comprising a plant essential oil or a mixture of very structurally similar molecules called isomers in 
the case of insect pheromones. While all active ingredients of biochemical pesticides occur in nature, 
the active ingredient in the product may be a synthetic analogue to the naturally occurring substance. 
As many of the active ingredients in this category of biopesticides are synthetic, the full range of 
green chemistry principles should be applied to the development of the active ingredient and the 
biochemical pesticide product. In practical terms, a non-toxic mode of action typically means that 
there is a delay between contact with the substance and death (Mandula, 2008). Some examples of 
non-toxic mode of action include suffocation or starvation. 
 Biochemical pesticides typically fall into distinct biologically functional classes including 
semiochemicals plant extracts, natural plant growth regulators and natural insect growth regulators. 
There are almost 122 biochemical pesticides active ingredients registered with US Environmental 
Protection Agency (USEPA) which include 18 floral attractants, 20 plant growth regulators, 6 insect 
growth regulators, 19 repellents and 36 pheromones (Steinwand 2008). 
 
(b) Microbial pesticides 
 Microbial pesticides come from naturally occurring or genetically altered bacteria, fungi, 
algae, viruses or protozoans. They suppress pests either by producing a toxin specific to the pest 
causing disease, preventing establishment of other micro organisms through competition or various 
other modes of action (Clemson HGIC, 2007). For all crop types, bacterial biopesticides Claim about 
74% of the market; fungal biopesticides, about 10%; viral bacterial biopesticides 5%; predator 
biopesticides, 8% and other biopesticides 3% (Thakore 2006). At present, there are about 73 microbial 
active ingredients that have been registered by the USEPA and these include 35 bacterial products, 15 
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fungi, 6 non viable microbial pesticides, 8 plant incorporated protectants, 1 protozoa, 1 yeast and 6 
viruses (Steinwand, 2008) 
 
(c) Biopesticide formulations 
 Pesticides contain one or more active ingredients. The active ingredients are primarily 
responsible for the pesticide claims. In addition to this active ingredient, the product formulation 
contains one to dozens other ingredients called “inerts”. The inert ingredients in pesticides assist in 
the effectiveness of the product by ensuring the product contacts the target pest or ensuring that the 
active ingredient is absorbed or eaten so that it can harm or kill the target pest. Inerts are included in 
the products for various reasons which include to improve product performance, easy to apply to the 
crop, help to spread over the surface or stick to the leaves and soil, help to move the pesticide into the 
insect’s body, stabilize the product for longer shelf-life and help the active ingredient dissolve in 
water (NPTN, 2000) 
 
Food Security 
 According to Olawale (2005), Food Security is access by all people at all times to enough 
food for an active healthy life. This means that individual access to food in all seasons and all years 
not just for survival but for active participations in the society. 
 The achievement of food security depends upon three distinct but connected pillars. The first 
is food availability which refers to ensuring sufficient quantity and diversity of food which is 
available for consumption from the farm or market place. The second, food access, refers to 
households having the physical and financial resources required to obtain appropriate foods for 
nutritious diet. Access depends on income available to the house hold, on the distribution of income 
within the household and the price of food. The third, food utilizations implies the capacity and 
resources necessary to use food appropriately to support healthy diets including sufficient energy, 
essential nutrients, potable water and adequate sanitation. 
 Food security which can be simply equated with enhancing the availability of food is also 
linked to innovation in agricultural production through the application of green chemistry. In many 
developing countries like Nigeria, agriculture remains the backbone of the rural economy therefore 
increasing agricultural outputs impact economic growth by enhancing farm productivity and food 
availability (Diao, 2007). While food availability is clearly important to achieving food security, 
having the means to effectively access and utilize food remains central to good nutrition. There is a 
growing awareness that food security must be viewed as inseparable from the other millennium 
development goals and that addressing poverty, education, health and basic infrastructure are also 
very critical. This interdependence shows that achieving sustainable gains in reducing hunger, under 
nutrition and improving food security will depend fully on concerted and synergistic efforts such as 
interdisplinary research efforts and their utilization. 
 
Conclusion 
 Exploitation of the earth’s physical and biological resources has always been a feature of 
human activities and the pace and extent of this exploitation have increased significantly in the last 
two centuries, both driven by feeding technology advances, economic growth and population increase. 
Agricultural sustainability and green chemistry practices are essential to address environmental 
problems in a world that must soon support and feed more than seven billion people. Chemistry has 
demonstrated its capacity to contribute substantially to increasing health, wellbeing and economic 
growth(AFCST, 2010). Throughout the history of the world, it is clear that chemistry has played a 
central role in the food and nutrition security agenda. Chemistry, especially green chemistry has been 
found to be very relevant to food production from soil to seed, from pest control to human nutrition. 
Although, food access is largely dependent on socio-economic status, green chemistry plays a vital 
role in improving the access to healthy foods through improved post harvest storage loss. Chemistry is 
very relevant to food utilization and combination by improved biofortification, food processing and 
essential medicines. 
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Recommendations 
 The spread of green revolution which has produced intensification of agriculture to meet the 
food needs of ever increasing world population has affected both agricultural and wild life bio 
diversity and increased environmental pollution, and water management problems. The use of 
agricultural sustainability and innovative green practices are therefore recommended to address these 
environmental problems in a world that must soon support and feed more than seven billion people. 
 Since sustainable agriculture seeks to achieve farm profitability, community prosperity and 
environmental stewardship in agricultural productivity, the use of toxic chemicals to enhance food 
security in terms of improved crops yield or food storage by the use of fertilizers and pesticides must 
be discouraged in agricultural practices. The applications of green chemistry principles which reduces 
or eliminates the use or the generation of hazardous substances is recommended in the practice of 
sustainable agriculture. 
 Since green chemistry and sustainable are both revolutionary fields with significant overlap, 
for example, green chemistry serves as a source for remediation technologies and as a producer of 
inputs and a consumer of agricultural products. The collaboration of scientific research among 
chemists and agriculturists is therefore recommended for greater complementary role of the two 
revolutionary fields in achieving world food security. 
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